The three previous papers of "this series I demonstrated that Na + ions counteract the anomalous effect of IVlg ++ ions on the activity of oxalate di-ions (C204-) ; and also that C1-ions counteract the effect of SO,= ions on oxalate di-ions. Furthermore, NaC1, KC1, or MgC1, each affect gelatin activity in the same manner when only one of these salts is present. Each causes a lowering of the pH. However, the addition of a small amount of NaC1 or KC1 to a gelatin solution already containing another of the above salts causes a very marked rise in pH (an effect opposite to that produced by one salt alone). This occurs up to 0.10 molar Na + or K + ion concentration. Further additions cause a sharp lowering of pH up to 0.15 molar Na + or K +. Beyond that there is little effect.
The analogy of these observations to physiological antagonisms is obvious. In order to investigate the mechanism it is desirable to see if still simpler substances than gelatin behave in the same way. In the present paper it will be shown that NaC1, KC1, NIgCI~, and CaCI~, singly and in mixtures, affect the activity of glycine (a simple amino acid) in practically the same manner that they affect gelatin activity.
II.
RESULTS.
The results obtained in these experiments are obvious from the accompanying figtires. Fig. 1 shows the influence of salts on the pH It S i m m s , H. S., J. Gen. Physiol., 1928, xii, 241,259; 1929, xii, 511. 783 of a 0.0100 molar solution of glycine containing one-half equivalent of NaOH. NaC1 alone or KCI alone lower the pH in the manner
shown. However, if we start with 0.00416 molar KC1 and add increasing amounts of NaC1, we get first a rise in pH until 0.007 M NaCl is present. Then there is a sharp break and further additions lower the pH until 0.035 M NaC1 is present. Further additions of NaCI increase the pH as shown.
FiG. 1. Antagonistic effects of KC1 + NaC1 mixtures compared with the effects of KC1 or NaCl alone on the pH of glycine solutions (containing 0.5 equivalent of NaOH). N'ote that both cations are monovalent. Fig. 2 shows that the same phenomena take place when NaC1 is added to glycine solutions containing MgC12. The breaks come at 0.015 molar and 0.085 molar NaC1 concentration regardless of the amount of MgCl2 present. This is the same result that was observed with gelatin. Fig. 3 shows that CaC12 + NaC1 mixtures behave essentially the same as MgC12 + NaC1 mixtures and KC1 + NaC1 mixtures. salt mixtures. In Fig. 4 it is noteworthy that after the first break the curve for the mixture of MgC1, and CaC1, becomes almost identical with that for MgCI~. alone. Mter the second break it swings to the right and there is a third break near where it crosses the curve for CaClt alone. There appears to be a tendency toward the same phenomena in Figs. 1, 2 , and 3. 
Both
In Fig. 5 the curves for the salt mixtures KC1 -b NaC1; MgC1, -t-NaC1; and CaC12 + NaC1 are plotted in another manner. The ordinates are the square root of the Na + ion concentration (including the NaOH added to the mother solution). The abscissas are the difference between the observed pH and that obtained with the same ionic strength with NaC1 alone. In other words the curve for NaCI is taken as a standard, the deviations from which are plotted in Fig. 5 .
It will be observed that the first break of each curve (except the KC1 -b NaC1 curve) comes at 0.015 M NaCI concentration regardless of the amount of the other salt.
The second break for the MgC12 curves is at 0.085 ~ NaC1 and is a little lower for the CaCI~ curves.
The KC1 + NaC1 curve has its breaks at about one-half the NaCI concentrations at which they occur with MgCh + NaC1, or CaCh + NaC1.
The MgC12 + CaC12 curve (of Fig. 4) was not plotted in the manner of break is at 0.025 g Ca++. It was stated above that the breaks with MgCh + NaC12 were at 0.015 ~ and 0.085 M NaC1, respectively. These two sets of values do not agree.
If, however, we convert the ion concentrations into "ionic strength" values we have the breaks with MgC12 + NaC1 coming at 0.015 #NaC1 and 0.085 ~NaC1, while with MgC12 + CaCI~ they come at 0.015 uCaC1 and 0.075 #CaCI2. Apparently the position of the breaks is a function of the ionic strength of the added salt rather than of its concentration.
These results with glycine cannot be explained on the basis of colloidal phenomena. They tend to support the mechanism suggested in the previous paper of the series, namely, that cations in mixtures selectively inactivate the two ionic species 2 to degrees not proportional to the inactivation by one cation alone.
III.

EXPERIMENTAL.
0.02 molar glycine plus 0.500 equivalent of NaOH was made up in 100 cc. amounts. These were used as mother solutions. For each observation 5.00 cc. of mother solution was placed in a 10 cc. volumetric flask, together with desired amounts of salt solutions, and made up to l0 cc. (i.e., 0.0100 molar with respect to glycine). The salts were added from stock solutions of three different ionic strengths (.0.025#, 0.25~, and 2.50#). The pH of each solution was measured at 25°C. in a water-jacketed hydrogen electrode of the bubbling type.
Solutions free from salt had a pH of 9.685. The data are given in Tables I to VIII. 2 The two ionic species in the case of glycine in this pI-I range are, first the neutral (or zwitterion) form which predominates at neutral pH values, and second the anion form which predominates in alkaline solutions. The lowering of the pH on the addition of a single salt presumably "inactivates" the glycine anion more than the zwitterion. We do not measure the actual inactivation, but rather the ratio of inactivation of the two ionic species. It is reasonable to suppose that this ratio may be disturbed in a mixture of salts.
(Summary on page 792.) 
